Purebred Duroc and Yorkshire boars and gilts, farrowed in spring litters from 1974 through 1982 and in faU litters from 1974 through 1978, were maintained as closed select and control lines descended from the same base population. Spring-farrowed pigs were selected mainly on an index of sow productivity traits, whereas selection among fall-farrowed pigs was mainly on an index of pig performance traits. Basic traits analyzed were age of pig at 91 kg, postweaning average daily gain in weight, average backfat thickness (ABF) and longissimus muscle area (LMA), with ABF and LMA measured from ultrasonic scans at 91 kg. Also analyzed were estimated weight of trimmed wholesale lean cuts at 91 kg live weight and lean cuts growth rate from birth to 91 kg. Standardized selection differentials indicated that no significant selection pressure was applied to the four basic traits in the population. A nested analysis of variance of intraclass correlations among paternal half-sib families was computed with 1,930 gilt records, providing estimates of heritabilities and genetic and phenotypic correlations among the six traits. Also, estimates were computed for the portion of total phenotypic variance due to maternal-related eovariances among littermates and the portion due to random environmental variances among individuals. In addition, estimates of the population parameters were computed from regressions of boars and gilts on sires, dams and midparental values with 974 boar and 1,686 gilt deviation records. Composite parameter estimates were then computed from the separate values weighted by the inverse of their standard errors.
I ntroduction
In applyin~ genetics to animal breeding, heritability (h') is a fundamental parameter of a population. As such, h 2 largely determines the prospects for changing a population by selection methods. Heritability is a property 3Mention of a trade name does not constitute a guarantee or warranty by the USDA and does not imply its approval to the exclusion of other products that may be suitable.
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not only of a trait, but also of the population and environment in which the trait is expressed. Heritability can be estimated from relationships among different relatives. Two of the most commonly used relationships are among paternal half-sib families and offspring with parents. In addition to h 2, genetic and phenotypic correlations between metric traits are critical parameters of a breeding population and are subject to constraints similar to those for h 2. Increasing demands by U. S. consumers for leaner pork is encouraging the selection of breeding animals that will produce leaner pigs. As a result, estimating the breeding value of breeding herd candidates for traits such as lean tissue growth rate has become a priority for research. Progeny and sib tests based on carcass composition are effective means for evaluating breeding value of relatives. However, estimating lean tissue content and growth rate in young breeding herd candidates themselves may provide a more direct early basis for evaluating breeding value. If applicable equations to estimate accurately lean tissue content in the 1619 J. Anita. Sci. 1987 Sci. . 64:1619 Sci. -1629 live animal are not available, percentage of closely trimmed wholesale lean cuts (shoulders, loins and hams) has been shown to be highly correlated with percentage of separable lean tissue in the lean cuts (Edwards et al., 1981) and indirectly with the percentage of separable lean tissue in the carcass (Smith and Carpenter, 1973) . The main objective of this study was to estimate genetic and phenotypic parameters for pig growth and body composition relating to lean cuts content and growth rate from experiment station data, with applications to the swine industry. A new generation was produced each year, with a low, uniform rate of inbreeding (under 2% per generation) maintained in all lines by avoidance of close matings. Usually, six to eight boars, by different sires, were bred to 20 to 26 gilts in each line each year, with avoidance of half-or full-sib matings and with no assortative matings. Also, essentially no full-sib gilts were mated to the same boar. The overall average inbreeding for the 2,999 pigs was 5.09%.
Materials and Methods

Management
An 18% protein starter feed was available to all pigs from 14 d of age until weaning at 42 d. At weaning, in both spring and fall litters, healthy boar and gilt pigs were placed on performance test at 56 d of age and removed from test at about 91 kg. At that time, ultrasonic scans 4 were taken to measure backfat thickness and longissimus muscle area. A balanced (NRC, 1979) 16% protein diet in pelleted form was provided ad libitum to all pigs during the entire test period. (Bereskin, 1984b) . Next, WTLC was reduced by an amount equal to .4 x birth weight of the pig. WTLC thus represented the total gain in WTLC from birth to 91 kg live weight. Finally, LCGR was computed as WTLC/AGE.
The actual adjusted trait values were used in all nested analyses of intraclass correlations. Breed-line-year-season-sex subclass means were computed for each of the six traits. The deviation of each pig's record from the appropriate mean then constituted the basic datum of deviation records used in subsequent regression analyses. Only records from purebreds were included here. Records for 2,999 pigs were available for analysis (table 1), closely balanced between breeds for boars and gilts.
Selection Practices. Selection of replacement boars and gilts for breeding purposes was based 
2,999
aTotal number of boars = 1,069; total number of gilts = 1,930.
mainly on an index of sow (dam) productivity among spring-farrowed pigs and on an index of pig performance traits among fall-farrowed pigs.
The sow productivity index (SPI) included litter size farrowed alive and litter size and total litter weight at 21 d of age (Bereskin, 1984a) . No deliberate consideration was given to pig performance traits in selecting breeding herd replacement boars and gilts from the spring Season.
The performance index (PI) used in the fall season was PI = 25 + 143 ADG -47 ABF + 2.6 LMA. The average sire + dam standardized selection differentials, weighted by the number of tested progeny produced, for the PI were .123 and .098 for Duroc and Yorkshire, respectively, for 1974, and .330, .033, .375 and .028 for the DS, DC, YS and YC lines, respectively, for fall 1975 through 1977.
The achieved standardized selection differentials were computed for the four basic traits, AGE, ADG, ABF and LMA, and are summarized in table 2. These values are so-called "secondary" selection differentials (Magee, 1965) , where the primary selection trait might be an index such as SPI or PI. However, the achieved values constitute valid measures of selection pressure on the particular traits during the course of the selection experiment.
Also shown in table 2 are expected standardized selection differentials for the four basic traits. Values are based on numbers of tested animals and percentage selected to produce the next generation under single trait truncation selection (Becket, 1984, table 2) . In the spring season, on the average, 20 boars were performance-tested each year, with six to eight boars (30 to 40%) selected to produce the next generation in each of the four lines. At the same time, some 38 gilts were tested in each select line and 32 in each control line, with 19 to 26 (55 to 63%) retained for breeding purposes. In the fall season, normally, 24 to 28 boars of each select line and 16 to 20 of each control line were tested, with 6 to 8 (29 to 39%) selected to produce the next generation. Concurrently, 36 to 40 gilts in each select line were tested, with 22 to 24 (48 to 55%) selected for breeding purposes. Also, 28 to 32 gilts were normally performance-tested from each control line, with 16 to 20 (56 to 62%) selected for breeding purposes.
By comparing the achieved with the potential (expected) differentials (table 2) , it is plainly evident that the achieved differentials for the four basic traits accounted for only a small fraction of the potential (expected) values from selection. As a result, little if any bias due to selection would be expected in estimates of key population parameters computed with these data.
Computations. Heritabilities and genetic correlations (r G) were computed in two basic ways-from sire components of variance and covariance in a nested analysis of variance (AOV) of intraclass correlations of paternal half-sib families (Becker, 1984) and from parent-offspring regression analyses. The nested analyses used the SAS procedures (SAS, 1979) .
From the nested AOV, h 2 was estimated as t/rGG, where t is the intraclass correlation among paternal half-sib families and equals o~/o~,, where o~ is the sire component of variance, o~ is the total phenotypic variance .
and rGG is the additive genetic relationship among paternal half-sib families and equals 1/4 under zero inbreeding. In terms of o~ as the proportion of o3, h 2 = 4t. However, with average inbreeding of .05, h 2 = 4t/(1 + .05) = 3.8t. Similarly, o~ = 3.8 e~ and the genetic covariance of traits i and j, coy Gij , equals 3.8 coy Sij , where coy Sij is the sire covariance. Genetic correlations were computed as coy Sij/(o~i 2 .5 ~ from the nested AOV. Genetic correlations from the regression analyses used parent-offspring covariances with the additive model (Hazel, 1943) .
Standard errors (SE) of h 2 estimates from the nested AOV were first computed as SE of o~ (Anderson and Bancroft, 1952) and then for h 2 (Becker, 1984) . The SE of h 2 estimates from regression were computed as twice the SE for offspring on one parent and as the same SE for regressions of offspring on midparental values. The SE of genetic correlations from the nested AOV were computed according to an approximate equation (Robertson, 1959) . The SE of genetic correlations from parent-offspring regressions were computed with equation 12 in Hammond and Nicholas (1972) , as shown in Becker (1984, p 124) .
In addition, overall means and standard deviations were computed with actual records. Phenotypic correlations were computed with sire mean squares and cross-products from the nested AOV and with offspring variances and covariances from the regression analyses.
The nested AOV also allowed a further breakdown of the total phenotypic variance into heritable and other causal components, under the assumption of an additive genetic model. The portion of phenotypic variance due to common environmental covariance among littermates, reflecting the dam's maternal influence and littermate contemporaneity, was estimated as c 2 = (a~ -o~)/a 3. The remaining portion of 03, due to random environmental effects among individuals, was estimated as e 2 = (o~v -1.8 o~)/o3 (Falconer, 1960, p 176; Dickerson, 1969, table 11; Kennedy et al., 1985) . With the inbreeding level in this population, o~ = 03/3.8 = .263 03. Also, o~) = .263 o~ + c2; (73 = a~ + o~) + a~V = 
Results and Discussion
Means and Standard Deviations. Overall statistics were computed with the 2,999 individual adjusted actual records (table 3) . Boars averaged younger in AGE, had higher ADG and LCGR, were thinner in ABF and smaller in LMA than gilts (all, P<.05). Essentially no difference was noted in WTLC between sexes. Within each sex, Duroc averaged younger in AGE, higher in ADG and LCGR, had less ABF, were larger in L/VIA and had more WTLC than Yorkshire. Similar statistics were computed with the deviation records. None of the means of the deviation records for the four breed-sex subgroups differed from zero (P>. 10). As a result, analyzing the deviation records separately for each sex, while pooling the breed data, would not bias the results.
Paternal Half-Sib Analyses. Initially, a nested (hierarchical) AOV was computed with all 2,999 individual actual (adjusted) records under the assumed model of sires within year-seasonsbreed-line-sex of progeny subclasses, dams within sires and residual. However, negative sire components of variance resulted for AGE and ADG, with unreasonably low estimates for LMA and LCGR. Associated r G values were indeterminable. A similar nested AOV was then computed with the 1,069 records for boars alone, but without the effects of sex. The result was negative sire components of variance and indeterminable r G values for all six traits. An unbalanced distribution of records for tested boars among sires and dams is believed to have caused the noted results with both of the above analyses. This distribution included only 1.45 boars/dam and only 2.63 boars/sire on the average.
Records for 1,930 gilts were then analyzed with the same nested model assumed for boars, resulting in 355 degrees of freedom (df) for sires, 335 df for dams/sires and 1,188 df for residual variance. The expected coefficients for mean squares and mean cross-products indicated an average of 2.52 littermate gilts tested/ dam, 1.83 dams with tested daughters/sire and 4.61 gilts tested/sire. The structure of the nested analysis was such that the variance components for sires, dams and residual were computed on a within year-season-breed-line basis, thereby negating effects of minor differences in inbreeding over the generations, along with the effects of breeds and lines. Values for h 2, c 2 and e 2 for each trait represent the relative contributions of the three components to the total phenotypic variance among individuals. For example, 18% of the total variance among individuals in AGE was accounted for by additive genetic variance, 24% by intraqitter, mainly maternal-related effects and 58% by random environmental effects. The contributions of the three effects for ADG and LCGR were similar to those for AGE, all three traits being measures of growth. However, for ABF, LMA and WTLC, body composition traits, h 2 was higher but c 2 was much lower than for the growth traits.
The computed estimates of genetic (r G) and phenotypic (rp) correlations from the nested AOV of the gilt records are presented in table 5. With only .two exceptions, both involving LCGR, r G was larger than the corresponding rp, and with only one exception, also involving LCGR, the two correlations for the same trait agreed in sign.
Regression Analyses
Deviation records for 974 boars and 1,686 gilts, each with a record for sire and dam in the file, were utilized. The reductions in numbers from the total number of records available (table 1) was due to the fact that there were no records for parents of pigs farrowed in 1974. Use of the deviation records resulted in breed and inbreeding effects being largely negated in the analyses. Records were analyzed separately for boars and gilts, with breeds pooled within sex. The parental record was repeated with each individual progeny record in computing the regressions.
Heritabilities. These were computed from regressions of boars and gilts on their sires, dams and midparental values (table 6). Heritabilities from regressions of boars on dams were larger than those from regressions of boars on sires for all six traits. Heritabilities from regressions of gilts on dams were also larger than those from regressions of gilts on sires for all traits except LMA and WTLC. These results reflect the fact that covariances of progeny with sire provide estimates of o~ (additive genetic variance) plus any epistatic (interallelic interaction) variance. The covariance of progeny with dams includes, in addition, variances and covariances related to complex maternal effects of dam with progeny (Dickerson, 1969 , table 1). The covariance of progeny with midparent would include the same covariances as for progeny with dam but as a smaller portion of these effects, other than additive genetic and epistatic.
Heritabilities from regressions of boars were lower than heritabilities from regressions of gilts on all three parental groups for all six traits, except from regressions on sires for LCGR (table 6) Correlations. Estimated genetic correlations (r G) were near .5 for AGE with WTLC, near --.5 for ADG with WTLC, near -.90 for ABF with WTLC and near .80 for LMA with WTLC. However, r G for ABF, LMA and WTLC with LCGR were under the absolute value of .20, which did not differ significantly from zero (table 7) . Also in table 7, are phenotypic correlations (rp) among the six traits, computed from boar and gilt progeny separately. A consistent pattern in practically all r G and rp values was the inverse relationships of correlations involving AGE and ADG on one side and ABF and LMA on the other side.
Composite Parameter Estimates. These were computed for h 2, r G and rp with estimates from the nested AOV of gilt records and from regressions of boars and gilts on midparental values (table 8) . Each estimate was weighted by the inverse of its standard error, except composite rp was the sample mean of the separate values. Weight of lean cuts was most highly correlated genetically with ABF and LMA, but with opposite signs (-and +), while LCGR was most highly correlated genetically with AGE and ADG, again with opposite signs. But LCGR was lowly correlated genetically with ABF, LMA and WTLC. Among the composite values, of special interest were the low h 2 for LMA estimated from scans of the live animal (.218) and for LCGR (.227).
Discussion
The present results illustrate the dilemma faced by animal breeders in devising testing and selection programs requiring estimates of genetic and phenotypic parameters. The variability in such estimates derived by different statistical methods and(or) from different samples of a population is usually large enough to create considerable uncertainty in selecting appropriate parameter values. Harris (1964) and Pease (1966) both noted that use of inaccurate parameter values could reduce the effectiveness of index selection in promoting genetic progress. Hutchens and Hintz (1981) , in a comprehensive summary of published research findings, reported composite, or pooled estimates of heritabilities and genetic and phenotypic correlations for age at a constant weight (AGE), postweanir~g daily gain (ADG) and live backfat (ABF), along with estimates for reproductive traits. In the different studies, parameters were estimated by up to 15 different statistical methods, from up to 29 different breeds or groups of pigs and for boars, gilts, barrows and mixed sex groups. For example, for h 2 of AGE, 24 studies were cited, ranging from .07 to 1.79, with a weighted mean of .58. A total of 79 estimates were listed for the h 2 of ADG, ranging from .04 to 1.11, with a weighted average of .38. For h 2 of ABF, 66 studies were reported, ranging from -.01 to 1.08 and a weighted mean of. 39.
Similar wide ranges were noted for genetic and phenotypic correlations. Pooled or composite means were computed by weighting separate estimates by the number of offspring included in the study. Other methods that could be used in obtaining a pooled or composite estimate are to weight the different estimates by the inverse of their standard errors, for example, as was done here. A major conclusion would appear to be that in order to be credible, pooled estimates should be computed only with estimates derived from similar populations maintained under similar management and selection regimens and with ample sample size, rather than with estimates from any and all published studies. Also, estimating c 2 and e 2 along with h 2 from the intraclass correlation analysis provided useful insight into the sources of variability affecting a particular trait. Separating the relative influence of genetic, maternal and random effects on a trait can provide valuable guidelines in efforts to improve performance in particular traits concerned.
The present study also provided apparently initial estimates in published United States research on h 2 and r G involving traits such as WTLC and LCGR. Parameter estimates for weight of lean tissue and lean tissue growth rate would be expected to be of similar magnitude.
The h 2 estimate of .23 for LCGR is probably high enough to be useful in evaluating the breeding value of a young breeding herd candidate on its own performance. However, the h 2 of .23 is still low enough to warrant the inclusion of parental and sib performance records for LCGR in the evaluation process to improve the accuracy of the estimated breeding value. Further research leading to additional estimates of critical genetic parameters for lean cuts or lean tissue growth rates is certainly called for. Finally, follow-up studies might determine genetic parameters involving the efficiency of feed conversion relating to lean cuts or lean tissue growth rate (Bereskin and Steele, 1986) .
